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Description
TECHNICAL FIELD
[0001] The present invention relates to a method for manufacturing a silicon carbide semiconductor device.
BACKGROUND ART

[0002] In manufacturing a semiconductor device, a step of selectively forming an impurity region in a semiconductor
substrate is required. For example, when forming an n channel type MOSFET (Metal Oxide Semiconductor Field Effect
Transistor), a step of forming a p type region in a portion of an n type semiconductor substrate and then forming an n+
type region in a portion of the p type region is often performed to obtain an npn structure. In other words, double impurity
regions different from each other in terms of spreading are formed.

[0003] In the case where a silicon substrate is used as the semiconductor substrate, spreading of an impurity region
can be adjusted by means of diffusion of impurity. Hence, a double diffusion method utilizing this has been widely used.
[0004] Meanwhile, in the case where a silicon carbide substrate is used as the semiconductor substrate, a diffusion
coefficient for an impurity is small. This makes it difficult to adjust spreading of an impurity region by means of diffusion
of impurity. In other words, when a region having ions implanted therein is subjected to activation annealing, the region
will be formed into an impurity region with almost no change. Hence, the double diffusion method cannot be used.
[0005] In view of the above, for example, the following method is disclosed in Japanese Patent Laying-Open No.
2008-147576 (Patent Literature 1). Specifically, first, an ion implantation mask made of tungsten is formed on a silicon
carbide substrate. Then, ions of an n type impurity are implanted into the silicon carbide substrate. Thereafter, a portion
of the ion implantation mask is etched to expose a larger area of the silicon carbide substrate. Then, ions of a p type
impurity are implanted thereinto. According to this method, variation in a positional relation between the double impurity
regions different from each other in spreading can be reduced by self-alignment. This results in reduced variation in
characteristics of the semiconductor device.

CITATION LIST

PATENT LITERATURE

[0006] PTL 1: Japanese Patent Laying-Open No. 2008-147576
SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0007] However, in the method disclosed in Patent Literature 1, tungsten, which is large in internal stress, is used for
the ion implantation mask. Accordingly, a difference in internal stress between the ionimplantation mask made of tungsten
and the silicon carbide substrate may cause warpage of the silicon carbide substrate. Particularly, it is considered that
the warpage in the silicon carbide substrate tends to be large because recent silicon carbide substrates have large areas.
[0008] Thus, in the method disclosed in Patent Literature 1, it is difficult to uniformly control an etching width in etching
the portion of the ion implantation mask made of tungsten so as to expose a larger area of the silicon carbide substrate.
Accordingly, precision in spreading of impurity regions is decreased, disadvantageously.

[0009] Inview of the above, the present invention has its object to provide a method for manufacturing a silicon carbide
semiconductor device so as to increase precision in spreading of impurity regions.

SOLUTION TO PROBLEM

[0010] The present invention provides a method for manufacturing a silicon carbide semiconductor device, including
the steps of: preparing a silicon carbide substrate; forming a silicon oxide film on the silicon carbide substrate; forming
a first mask pattern of the silicon oxide film by removing a portion of the silicon oxide film by means of first etching
employing a first gas containing CHF5; forming a first impurity region having first conductivity type by means of ion
implantation of a first ion into the silicon carbide substrate including the silicon oxide film having the first mask pattern;
forming a second mask pattern of the silicon oxide film by removing a portion of the silicon oxide film by means of second
etching employing a second gas containing oxygen gas and at least one fluorine compound gas selected from a group
consisting of CF,, C,Fg, C3Fg, and SFg; and forming a second impurity region having second conductivity type different
from the first conductivity type by means of ion implantation of a second ion into the silicon carbide substrate including



10

15

20

25

30

35

40

45

50

55

EP 2 667 414 A1

the silicon oxide film having the second mask pattern.

[0011] Here, in the method for manufacturing the silicon carbide semiconductor device in the present invention, a ratio
of the oxygen gas in the second gas is preferably 30 volume % or greater.

[0012] Further, in the method for manufacturing the silicon carbide semiconductor device in the present invention,
etching selectivity in the second etching is preferably not less than 0.5 and not more than 2.

[0013] Further, in the method for manufacturing the silicon carbide semiconductor device in the present invention, the
step of forming the silicon oxide film preferably includes the steps of: forming an etching stop layer on the silicon carbide
substrate; and forming the silicon oxide film on the etching stop layer.

[0014] Further, in the method for manufacturing the silicon carbide semiconductor device in the present invention, the
etching stop layer preferably contains atleast one metal selected from a group consisting of nickel, aluminum, and titanium.
[0015] Further, in the method for manufacturing the silicon carbide semiconductor device in the present invention, the
etching stop layer is preferably constituted by a stack in which a first layer made of titanium, a second layer made of
nickel or aluminum, and a third layer made of titanium are stacked in this order from the silicon carbide substrate side.

ADVANTAGEOUS EFFECTS OF INVENTION

[0016] The present invention provides a method for manufacturing a silicon carbide semiconductor device so as to
achieve improved precision in spreading of impurity regions.

BRIEF DESCRIPTION OF DRAWINGS
[0017]

Fig. 1is a schematic cross sectional view showing one exemplary silicon carbide semiconductor device manufactured
according to a method for manufacturing a silicon carbide semiconductor device in the present embodiment.

Fig. 2 is a schematic cross sectional view illustrating a part of manufacturing steps of an exemplary method for
manufacturing the silicon carbide semiconductor device shown in Fig. 1.

Fig. 3 is a schematic cross sectional view illustrating another part of the manufacturing steps of the exemplary
method for manufacturing the silicon carbide semiconductor device shown in Fig. 1.

Fig. 4 is a schematic cross sectional view illustrating another part of the manufacturing steps of the exemplary
method for manufacturing the silicon carbide semiconductor device shown in Fig. 1.

Fig. 5 is a schematic cross sectional view illustrating another part of the manufacturing steps of the exemplary
method for manufacturing the silicon carbide semiconductor device shown in Fig. 1.

Fig. 6 is a schematic cross sectional view illustrating another part of the manufacturing steps of the exemplary
method for manufacturing the silicon carbide semiconductor device shown in Fig. 1.

Fig. 7 is a schematic cross sectional view illustrating another part of the manufacturing steps of the exemplary
method for manufacturing the silicon carbide semiconductor device shown in Fig. 1.

Fig. 8 is a schematic cross sectional view illustrating another part of the manufacturing steps of the exemplary
method for manufacturing the silicon carbide semiconductor device shown in Fig. 1.

Fig. 9 is a schematic cross sectional view illustrating another part of the manufacturing steps of the exemplary
method for manufacturing the silicon carbide semiconductor device shown in Fig. 1.

Fig. 10 is a schematic cross sectional view illustrating another part of the manufacturing steps of the exemplary
method for manufacturing the silicon carbide semiconductor device shown in Fig. 1.

Fig. 11 is a schematic cross sectional view illustrating another part of the manufacturing steps of the exemplary
method for manufacturing the silicon carbide semiconductor device shown in Fig. 1.

Fig. 12 is a schematic cross sectional view illustrating another part of the manufacturing steps of the exemplary
method for manufacturing the silicon carbide semiconductor device shown in Fig. 1.

Fig. 13 is a schematic cross sectional view illustrating another part of the manufacturing steps of the exemplary
method for manufacturing the silicon carbide semiconductor device shown in Fig. 1.

Fig. 14 is a schematic cross sectional view illustrating another part of the manufacturing steps of the exemplary
method for manufacturing the silicon carbide semiconductor device shown in Fig. 1.

DESCRIPTION OF EMBODIMENTS

[0018] The following describes an embodiment of the present invention. It should be noted that the same reference
characters indicate the same or equivalent portions in the figures of the present invention.

[0019] Fig. 1 shows a schematic cross sectional view of one exemplary silicon carbide semiconductor device manu-
factured according to a method for manufacturing a silicon carbide semiconductor device in the present embodiment.
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[0020] As shown in Fig. 1, the silicon carbide semiconductor device of the present embodiment is a MOSFET 100,
specifically, a vertical type DIMOSFET (Double Implanted MOSFET).

[0021] MOSFET 100 includes: an epitaxial substrate 90; p regions 123 (each having a depth D1) and n+ regions 124
(each having a depth D2) formed in a surface of epitaxial substrate 90; source electrodes 111 and an oxide film 126
both formed on the surface of epitaxial substrate 90; upper source electrodes 127 formed on source electrodes 111; a
gate electrode 110 formed on oxide film 126; and a drain electrode 112 formed on the backside surface of epitaxial
substrate 90.

[0022] Epitaxial substrate 90 includes: a single-crystal substrate 80; a buffer layer 121 formed on single-crystal sub-
strate 80; a breakdown voltage holding layer 122 provided on buffer layer 121; p regions 123 provided in a surface of
breakdown voltage holding layer 122; and n+ regions 124 provided in p regions 123. The planar shape (shape viewed
from above in Fig. 1) of MOSFET 100 can be, for example, a rectangle or square having sides with a length of 2 mm or
greater.

[0023] Each of single-crystal substrate 80 and buffer layer 121 is preferably formed of silicon carbide having n type
conductivity. Buffer layer 121 can be adapted to contain an n type impurity at a concentration of, for example, 5 x 1017
cm3. Further, buffer layer 121 can be adapted to have a thickness of, for example, approximately 0.5 um.

[0024] Breakdown voltage holding layer 122 is preferably formed of silicon carbide of n type conductivity. Breakdown
voltage holding layer 122 can be adapted to contain an n type impurity at a concentration of, for example, 5 X 1015 cm-3.
Further, breakdown voltage holding layer 122 can be adapted to have a thickness of, for example, approximately 10 um.
[0025] Epitaxial substrate 90 has surface SO in which the plurality of p regions 123 of p type conductivity are formed
with a space therebetween. In surface S0, n+ region 124 is formed within each of p regions 123. On surface S0, p region
123 has a channel region sandwiched between breakdown voltage holding layer 122 and n+ region 124 and covered
by gate electrode 110 with oxide film 126 interposed therebetween. The channel region has a channel length CL.
[0026] In surface SO, oxide film 126 is formed on an exposed portion of breakdown voltage holding layer 122 between
the plurality of p regions 123. Here, oxide film 126 is formed to extend on n+ region 124 in one of the adjacent two p
regions 123, this p region 123, the exposed portion of breakdown voltage holding layer 122 between the adjacent p
regions 123, the other p region 123, and n+ region 124 in the other p region 123.

[0027] On oxide film 126, gate electrode 110 is formed. The portion of oxide film 126 on which gate electrode 110 is
formed has a function as a gate insulating film.

[0028] On each of n+ regions 124, source electrode 111 is formed and may have a portion in contact with p region
123. On source electrode 111, upper source electrode 127 is formed.

[0029] The following describes one exemplary method for manufacturing MOSFET 100 shown in Fig. 1, with reference
to schematic cross sectional views of Fig. 2 to Fig. 14.

[0030] First, as shown in Fig. 2, epitaxial substrate 90 (silicon carbide substrate) having surface SO is prepared. Here,
epitaxial substrate 90 can be formed by, for example, epitaxially growing buffer layer 121 and breakdown voltage holding
layer 122 in this order on the surface of single-crystal substrate 80 by means of a CVD (Chemical Vapor Deposition)
method or the like.

[0031] Next, as shown in Fig. 3, an etching stop layer 50 is formed on surface SO of epitaxial substrate 90. Etching
stop layer 50 is formed of a stack in which a first layer 51, a second layer 52, and a third layer 53 are stacked in this
order from the epitaxial substrate 90 side.

[0032] Here, first layer 51 is preferably constituted by a titanium layer. Second layer 52 is preferably constituted by a
nickel layer or an aluminum layer. Third layer 53 is preferably constituted by a titanium layer. In this case, first layer 51
thus constituted by the titanium layer is likely to achieve firm connection with epitaxial substrate 90. Second layer 52
constituted by the nickel layer or the aluminum layer is likely to achieve effective stop of etching described below. Third
layer 53 constituted by the titanium layer is likely to achieve firm connection with a silicon oxide film described below.
[0033] It should be noted that each of first layer 51, second layer 52, and third layer 53 has a thickness of, for example,
approximately 20 nm.

[0034] A configuration of etching stop layer 50 is not particularly limited so far as etching stop layer 50 is capable of
stopping the etching described below. However, etching stop layer 50 preferably contains at least one metal selected
from a group consisting of nickel, aluminum, and titanium, and is particularly preferably constituted by a stack in which
first layer 51 constituted by titanium layer, second layer 52 constituted by the nickel layer or the aluminum layer, and
third layer 53 constituted by the titanium layer are stacked in this order from the epitaxial substrate 90 side.

[0035] Next, as shown in Fig. 4, on a surface of etching stop layer 50, silicon oxide film 31 is formed. Here, silicon
oxide film 31 can be deposited on the surface of etching stop layer 50 by means of, for example, the CVD method.
[0036] Silicon oxide film 31 preferably has a thickness of not less than 0.5 um and not more than 3 um, more preferably,
not less than 1 um and not more than 2.5 pm. When silicon oxide film 31 has a thickness of not less than 0.5 um and
not more than 3 um, in particular, when silicon oxide film 31 has a thickness of not less than 1 wm and not more than
2.5 um, the thickness thereof is sufficient to attain an ion implantation blocking ability sufficient for ion implantation of a
subsequent step, and the film is not too thick and therefore restrains warpage resulting from film stress of silicon oxide
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film 31. Further, such a thickness is likely to facilitate processing by maintaining an aspect ratio in the etching step.
[0037] Next, as shown in Fig. 5, a photoresist pattern 40 is formed on the surface of silicon oxide film 31. Here,
photoresist pattern 40 is formed to have openings at locations corresponding to openings of a below-described first
mask pattern of silicon oxide film 31. Photoresist pattern 40 can be formed by, for example, applying a photoresist onto
the entire surface of silicon oxide film 31, curing portions other than the portions corresponding to the openings, and
removing the uncured portions corresponding to the openings.

[0038] Next, asshowninFig. 6, first etching E1 is performed to remove portions of silicon oxide film 31 using photoresist
pattern 40 as a mask. In this way, the exposed portions of silicon oxide film 31 through the openings of photoresist
pattern 40 are removed.

[0039] Here, as first etching E1, anisotropic dry etching is performed using a first gas containing CHF 5. In this way,
the exposed portions of silicon oxide film 31 through the openings of photoresist pattern 40 are etched in the thickness
direction (longitudinal direction) thereof to expose the surface of etching stop layer 50.

[0040] Next, as shown in Fig. 7, photoresist pattern 40 remaining on silicon oxide film 31 is removed. In this way,
silicon oxide film 31 is provided with the first mask pattern including side walls S1 and openings P1 surrounded by side
walls S1.

[0041] Next, as shown in Fig. 8, ions of an n type impurity are implanted by means of ion implantation J1 into epitaxial
substrate 90 including silicon oxide film 31 having the first mask pattern, thereby forming n+ regions 124 each having n
type conductivity.

[0042] Here, ion implantation J1 can be performed by, for example, implanting the ions of n type impurity into epitaxial
substrate 90 from openings P1 of the first mask pattern of silicon oxide film 31 via etching stop layer 50. Accordingly, in
portions of epitaxial substrate 90 below openings P1 of the first mask pattern of silicon oxide film 31, n+ regions 124
can be formed to have depth D2 from surface SO of epitaxial substrate 90. An exemplary, usable n type impurity is
phosphorus or the like.

[0043] Next, as shown in Fig. 9, second etching E2 is performed to remove portions of silicon oxide film 31 having the
first mask pattern. Accordingly, for example, as shown in Fig. 10, silicon oxide film 31 is provided with a second mask
pattern having side walls S2 and openings P2 surrounded by side walls S2.

[0044] Here, as second etching E2, isotropy dry etching is performed using a second gas containing oxygen gas and
at least one fluorine compound gas selected from a group consisting CF,, CF6, C3Fg, and SFg. Accordingly, the portions
of silicon oxide film 31 are etched not only in the thickness direction (longitudinal direction) thereof but also in the width
direction (lateral direction) thereof, thereby exposing a larger area of the surface of etching stop layer 50. Specifically,
as a result of second etching E2, the height of each of side walls S2 of the second mask pattern becomes shorter than
that of each of side walls S1 of the first mask pattern and the widths of each of openings P2 in the second mask pattern
becomes narrower than that of each of openings P1 of the first mask pattern. It should be noted that the second gas
may contain a gas other than the above-described fluorine compound gas and the oxygen gas. An example of such a
gas is argon gas or the like.

[0045] In second etching E2, a ratio of the oxygen gas in the second gas is preferably 30 volume % or greater, more
preferably, 50 volume % or greater, further preferably, 70 volume % or greater. As the ratio of the oxygen gas in the
second gas is increased to 30 volume % or greater, 50 volume % or greater, and 70 volume % or greater, etching
selectivity ((etching amount in the lateral direction per unit time)/(etching amount in the longitudinal direction per unit
time)) tends to be larger. Accordingly, the width of each of the openings can be likely to become larger while restraining
decrease of the thickness of silicon oxide film 31 (the height of each of the side walls). In order to perform second etching
E2 efficiently, the ratio of the oxygen gas in the second gas is preferably 80 volume % or smaller.

[0046] The etching selectivity in second etching E2 is preferably not less than 0.5 and not more than 2, more preferably,
not less than 1 and not more than 2. When the etching selectivity in second etching E2 is not less than 0.5 and not more
than 2, in particular, not less than 1 and not more than 2, the width of each of the openings of silicon oxide film 31 can
be more likely to be larger while restraining the decrease of the thickness of silicon oxide film 31.

[0047] Next, as shown in Fig. 11, ions of a p type impurity are implanted by means of ion implantation J2 into epitaxial
substrate 90 including silicon oxide film 31 having the second mask pattern, thereby forming p regions 123 each having
p type conductivity.

[0048] Here, ion implantation J2 can be performed by, for example, implanting the ions of an p type impurity into
epitaxial substrate 90 from openings P2 of the second mask pattern of silicon oxide film 31 via etching stop layer 50.
Accordingly, in portions of epitaxial substrate 90 below openings P2 of the second mask pattern of silicon oxide film 31,
p regions 123 can be formed to have depth D1 from surface SO of epitaxial substrate 90. An exemplary, usable p type
impurity is aluminum or the like.

[0049] Next, as shown in Fig. 12, etching stop layer 50 and silicon oxide film 31 on surface SO of epitaxial substrate
90 are removed. Accordingly, p regions 123 and n+ regions 124 are exposed at surface SO of epitaxial substrate 90.
[0050] Here, etching stop layer 50 and silicon oxide filmy 31 can be removed by, for example, etching using hydrofluoric
acid.
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[0051] Thereafter, p regions 123 and n+ regions 124 in surface SO of epitaxial substrate 90 are subjected to an
activation annealing process. The activation annealing process can be performed by, for example, heating epitaxial
substrate 90 in an argon atmosphere at 1700°C for 30 minutes.

[0052] Next, as shown in Fig. 13, oxide film 126 is formed on surface SO of epitaxial substrate 90. Here, oxide film
126 can be formed by means of for example, dry oxidation (thermal oxidation) so as to cover breakdown voltage holding
layer 122, p regions 123, and n+ regions 124, all of which are exposed at surface S0 of epitaxial substrate 90. The dry
oxidation can be performed by, for example, heating epitaxial substrate 90 at 1200°C for 30 minutes.

[0053] Next, as shown in Fig. 14, source electrodes 111 are formed on surface SO of epitaxial substrate 90 and drain
electrode 112 is formed on the backside surface of epitaxial substrate 90.

[0054] Here, each of source electrodes 111 can be formed as follows, for example.

[0055] That is, first, a photoresist pattern having openings corresponding to portions at which source electrodes 111
are to be formed is formed on the surface of oxide film 126. Using this photoresist pattern as a mask, portions of oxide
film 126 are removed to form openings. Thereafter, a conductive film is formed to cover the photoresist pattern and
make contact with n+ regions 124 exposed through the openings of oxide film 126. Then, the photoresist pattern is
removed by means of lift-off. In this way, the conductive film remaining on surface SO0 of epitaxial substrate 90 is formed
into source electrodes 111 making contact with n+ regions 124. It should be noted that as the conductive film, a metal
film such as nickel (Ni) can be used, for example.

[0056] After the formation of source electrodes 111, it is preferable to perform heat treatment for alloying. Here, the
heattreatment for alloying can be performed by, for example, heating epitaxial substrate 90 thus having source electrodes
111 formed thereon, in an argon atmosphere at 950°C for 2 minutes.

[0057] Meanwhile, drain electrode 112 can be formed by, for example, sputtering nickel.

[0058] Thereafter, as shown in Fig. 1, on the surfaces of source electrodes 111, upper source electrodes 127 are
formed. In addition, on the surface of oxide film 126, gate electrode 110 is formed. In this way, MOSFET 100 shown in
Fig. 1 can be manufactured.

[0059] It should be noted that each of upper source electrodes 127 can be formed by, for example, sputtering nickel.
It should be also noted that gate electrode 110 can be formed by forming a film of polycrystalline silicon using the CVD
method, for example.

[0060] As described above, in the method for manufacturing the silicon carbide semiconductor device of the present
embodiment, the double impurity regions different from each other in spreading can be formed with improved precision
in spreading of the impurity regions by means of self-alignment using the silicon oxide film for the ion implantation mask
rather than tungsten large in internal stress.

[0061] Conventionally, in manufacturing a semiconductor device using a silicon carbide substrate, it is very difficult
to form double impurity regions different from each other in spreading, by means of self-alignment using the silicon oxide
film as an ion implantation mask. A reason therefor is as follows. That is, it is difficult to etch a silicon oxide film in the
lateral direction. This results in small etching selectivity, which makes it difficult to provide it with a second mask pattern
for ion implantation of second ions. For this reason, tungsten with relatively large etching selectivity has been used
conventionally as the ion implantation mask when forming double impurity regions different from each other in spreading
by means of self-alignment.

[0062] However, as a result of diligent study conducted by the present inventor, it has been found that etching selectivity
for a silicon oxide film can be increased by using the gas containing oxygen gas and at least one fluorine compound
gas selected from a group consisting of CF,, C,Fg, C5Fg, and SFg. Accordingly, the present inventor has completed the
present invention.

[0063] By using the silicon oxide film for the ion implantation mask as in the present embodiment, the silicon carbide
substrate is not warped unlike in the case of using tungsten for the ion implantation mask. Thus, according to the method
for manufacturing the silicon carbide semiconductor device of the present embodiment, precision in spreading of the
double impurity regions can be increased with self-alignment.

[0064] Further, according to the method for manufacturing the silicon carbide semiconductor device of the present
embodiment, the use of the silicon oxide film for the ion implantation mask can reduce problems such as metal contam-
ination in the silicon carbide substrate, which takes place in the case of using tungsten for the ion implantation mask.
[0065] In the above-described embodiment, the p type conductivity and the n type conductivity may be replaced with
each other. Further, although it has been illustrated in the above-described embodiment that epitaxial substrate 90 is
used as the silicon carbide substrate, a silicon carbide single-crystal substrate or the like can be used instead of epitaxial
substrate 90.
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[Examples]
<Experiment Example 1>

[0066] An epitaxial substrate constituted by a stack of a single-crystal substrate, a buffer layer, and a breakdown
voltage holding layer was fabricated by epitaxially growing a buffer layer and a breakdown voltage holding layer in this
order on a single-crystal substrate made of n type silicon carbide single-crystal by means of the CVD method. The buffer
layer was formed of an n type silicon carbide film (n type impurity concentration of 5 X 1017 cm=3) having a thickness of
0.5 wm. The breakdown voltage holding layer was formed of an n type silicon carbide film (n type impurity concentration
of 5 X 1015 cm-3) having a thickness of 10 um.

[0067] Next, the sputtering method was used to form, on the surface of the breakdown voltage holding layer of the
epitaxial substrate, a first layer constituted by a titanium film having a thickness of 20 nm, a second layer constituted by
a nickel layer having a thickness of 20 nm, and a third layer constituted by a titanium film having a thickness of 20 nm,
in this order. In this way, an etching stop layer constituted by the stack of the first layer, the second layer, and the third
layer was formed.

[0068] Next, on the surface of the third layer of the etching stop layer, a silicon oxide film formed of a SiO, film having
a thickness of 2.5 um was formed by means of the CVD method.

[0069] Next, on the surface of the silicon oxide film, a photoresist pattern was formed. Using the photoresist pattern
as a mask, portions of the silicon oxide film were removed in the thickness direction thereof through anisotropic dry
etching that utilizes CHF 5 gas as a first gas. Thereafter, the photoresist pattern was removed, thereby forming a first
mask pattern in the silicon oxide film.

[0070] Next, phosphorous ions were implanted via the etching stop layer into the epitaxial substrate including the
silicon oxide film having the first mask pattern, thereby forming n+ regions in the surface areas of the epitaxial substrate
below the openings of the silicon oxide film.

[0071] Five sets of such epitaxial substrates having n+ regions formed therein as described above were prepared and
labeled as samples No. 1 to No. 5.

[0072] Next, isotropy dry etching was performed for a predetermined period of time onto the silicon oxide film formed
on the epitaxial substrate in each of samples No. 1 to No. 5, using a second gas having a second gas composition
(volumeratio) indicatedin Table 1, thereby removing portions of the silicon oxide filmin the thickness direction (longitudinal
direction) and the width direction (lateral direction).

[0073] Then, respective etching amounts in the lateral direction and the longitudinal direction per unit time during the
above-described isotropy dry etching were calculated. Then, etching selectivity ((etching amount in the lateral direction
per unit time)/(etching amount in the longitudinal direction per unit time)) for the silicon oxide film provided on the surface
of the epitaxial substrate in each of samples No. 1 to No. 5 was found. Results thereof are shown in Table 1.

[Table 1]
Sample No. | Second Gas Composition (Volume Ratio) | Etching Selectivity
1 SFg:0,=7:3 0.3
2 SFg:0,=5:5 0.6
3 SFg:0,=3:7 1.0
4 SFg:0,=2:8 1.1
5 SFg 0.19

[0074] As shown in Table 1, it was confirmed that the etching selectivity for the silicon oxide film in each of samples
No. 1 to No. 4 employing the mixed gas of SF5and O, as the second gas was greater than that for the silicon oxide film
in sample No. 5 employing only SFg as the second gas. This indicates that the etching on the silicon oxide film in each
of samples No. 1 to No. 4 can be likely to develop in the lateral direction as compared with the etching on the silicon
oxide film in sample No. 5 in the lateral direction.

[0075] Further, as shown in Table 1, it was confirmed in experiment example 1 that as a ratio of O, in the second gas
is increased, etching selectivity for the silicon oxide film is increased.

<Experiment Example 2>

[0076] Five sets of epitaxial substrates each having n+ regions formed therein in the same manner in experiment
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example 1 were prepared and were labeled as samples No. 6 to No. 10.

[0077] Next, isotropy dry etching was performed for a predetermined period of time onto the silicon oxide film formed
on the epitaxial substrate in each of samples No. 6 to No. 10, using a second gas having a second gas composition
(volumeratio) indicatedin Table 2, thereby removing portions of the silicon oxide filmin the thickness direction (longitudinal
direction) and the width direction (lateral direction).

[0078] Then, respective etching amounts in the lateral direction and the longitudinal direction per unit time during the
above-described isotropy dry etching were calculated. Then, etching selectivity ((etching amount in the lateral direction
per unit time)/(etching amount in the longitudinal direction per unit time)) for the silicon oxide film provided on the surface
of the epitaxial substrate in each of samples No. 6 to No. 10 was found. Results thereof are shown in Table 2.

[Table 2]
Sample No. | Second Gas Composition (Volume Ratio) | Etching Selectivity
6 CF4:0,=7:3 0.3
7 CF4:0,=5:5 0.6
8 CF4:0,=3:7 1.0
9 CF4:0,=2:8 1.1
10 CF, 0.28

[0079] As shown in Table 2, it was confirmed that the etching selectivity for the silicon oxide film in each of samples
No. 6 to No. 10 employing the mixed gas of CF, and O, as the second gas was greater than that for the silicon oxide
film in sample No. 10 employing only CF, as the second gas. This indicates that the etching on the silicon oxide film in
each of samples No. 6 to No. 9 can be likely to develop in the lateral direction as compared with the etching on the
silicon oxide film in No. 10 in the lateral direction.

[0080] Further, as shown in Table 2, it was confirmed also in experiment example 2 that as a ratio of O, in the second
gas is increased, etching selectivity for the silicon oxide film is increased.

<Experiment Example 3>

[0081] Two sets of epitaxial substrates each having n+ regions formed therein in the same manner as in experiment
example 1 and experiment example 2 were prepared and labeled as samples No. 11 and No. 12.

[0082] Next, isotropy dry etching was performed for a predetermined period of time onto the silicon oxide film formed
on the epitaxial substrate of each of samples No. 11 and No. 12, using a second gas having a second gas composition
(volumeratio) indicated in Table 3, thereby removing portions of the silicon oxide filmin the thickness direction (longitudinal
direction) and the width direction (lateral direction).

[0083] Then, respective etching amounts in the lateral direction and the longitudinal direction per unit time during the
above-described isotropy dry etching were calculated. Then, etching selectivity ((etching amount in the lateral direction
per unit time)/{etching amount in the longitudinal direction per unit time)) for the silicon oxide film provided on the surface
of the epitaxial substrate in each of samples No. 11 and No. 12 was found. Results thereof are shown in Table 3.

[Table 3]
Sample No. | Second Gas Composition (Volume Ratio) | Etching Selectivity
11 Ar:0,:CF,=2:2:1 1.08
12 Ar:0,:CF,=3:1:1 0.43

[0084] As shown in Table 3, it was confirmed that the etching selectivity for the silicon oxide film in each of samples
No. 11 and No. 12 employing the mixed gas of Ar, CF,, and O, as the second gas was greater than that in each of
samples No. 5 and No. 10 described above.

[0085] The embodiments and experiment examples disclosed herein are illustrative and non-restrictive in any respect.
The scope of the present invention is defined by the terms of the claims, rather than the embodiments described above,
and is intended to include any modifications within the scope and meaning equivalent to the terms of the claims.
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INDUSTRIAL APPLICABILITY

[0086] The present invention is applicable to a method for manufacturing a silicon carbide semiconductor device.

REFERENCE SIGNS LIST

[0087] 31: silicon oxide film; 40: photoresist pattern; 50: etching stop layer; 51: first layer; 52: second layer; 53: third
layer; 80: single-crystal substrate; 90: epitaxial substrate; 100: MOSFET 110: gate electrode; 111: source electrode;
112: drain electrode; 121: buffer layer; 122: breakdown voltage holding layer; 123: p region; 124: n+ region; 126: oxide
film; 127: upper source electrode.

Claims

1.

A method for manufacturing a silicon carbide semiconductor device (100), comprising the steps of:

preparing a silicon carbide substrate (90);

forming a silicon oxide film (31) on said silicon carbide substrate (90);

forming a first mask pattern of said silicon oxide film (31) by removing a portion of said silicon oxide film (31)
by means of first etching employing a first gas containing CHF3;

forming a first impurity region (124) having first conductivity type by means of ion implantation of a first ion into
said silicon carbide substrate (90) including said silicon oxide film (31) having said first mask pattern;

forming a second mask pattern of said silicon oxide film (31) by removing a portion of said silicon oxide film
(31) by means of second etching employing a second gas containing oxygen gas and at least one fluorine
compound gas selected from a group consisting of CF,4, CoFg, CsFg, and SFg; and

forming a second impurity region (123) having second conductivity type different from said first conductivity
type by means of ion implantation of a second ion into said silicon carbide substrate (90) including said silicon
oxide film (31) having said second mask pattern.

The method for manufacturing the silicon carbide semiconductor device (100) according to claim 1, wherein a ratio
of said oxygen gas in said second gas is 30 volume % or greater.

The method for manufacturing the silicon carbide semiconductor device (100) according to claim 1, wherein etching
selectivity in said second etching is not less than 0.5 and not more than 2.

The method for manufacturing the silicon carbide semiconductor device (100) according to claim 1, wherein the
step of forming said silicon oxide film (31) includes the steps of: forming an etching stop layer (50) on said silicon
carbide substrate (90); and forming said silicon oxide film (31) on said etching stop layer (50).

The method for manufacturing the silicon carbide semiconductor device (100) according to claim 4, wherein said
etching stop layer (50) contains at least one metal selected from a group consisting of nickel, aluminum, and titanium.

The method for manufacturing the silicon carbide semiconductor device (100) according to claim 5, wherein said
etching stop layer (50) is constituted by a stack in which a first layer (51) made of titanium, a second layer (52) made
of nickel or aluminum, and a third layer (53) made of titanium are stacked in this order from the silicon carbide
substrate (90) side.
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